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(57) A stepping motor comprising a rotor (1 8) having 
a plurality of magnetic poles along its circumferential di- 
rection, a pair of magnetic yokes (24, 26) arranged to 
face the magnetic poles of the rotor (18), a pair of exci- 
tation coils (34, 36) for exciting the pair of magnetic 
yokes (24, 26) respectively in response to drive pulses 
which have phase difference, characterized in that- 
one stator base (22) is arranged near the rotor 
(18), the pair of magnetic yokes (24, 26) are set on the 
stator base (22) so that magnetic paths can be formed 
respectively, and a pair of stator magnetic polar portions 
(22A, 22B) integrally formed with the stator base (22) 
form the magnetic paths together with the magnetic 
yokes (24, 26) respectively. 



FIG. 2 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

[0001] The present invention relates to a stepping mo- 
tor downsized and capable of smooth operation, and to 
a stepping motor suitable for, for example, a two-phase 
electro-motor for a meter installed in a vehicle. 

2. DESCRIPTION OF THE RELATED ART 

[0002] In an analog-type meter installed in a vehicle 
for presenting analog indication, a needle is generally 
driven by a cross-coil motor. However, in recent years, 
a stepping motor has been applied in place of the cross- 
coil motor in order to improve directional accuracy and 
realize downsizing. 

[0003] Specifically, as a stepping motor for an in-ve- 
hicle meter, those described in Translated National Pub- 
lication of Patent Application No. Hei 11-501800, U.S. 
Patent No. 6043574, and so on are known. These have 
a structure in which, as shown in FIG. 13 and FIG. 14, 
a rotor 112 is magnetized in a manner that its magnetic 
poles change along a circumferential direction, and ex- 
citation coils 116A and 11 6B are respectively provided 
on two supporting portions 114A and 114B which are 
stators respectively having a W-shape provided in a 
magnetic yoke 114. Further, in the structure, two mag- 
netic circuits having a W-shape are composed by mag- 
netic polar pieces 118 parts of which are communized. 
[0004] On the one hand, as technique simply related 
to the stepping motor, disclosed in Japanese Utility mod- 
el Publication No. Hei 7-27826 is that a pair of magnetic 
yokes 124A and 124B having a W-shape respectively 
mounted with excited coils 126A and 126B are sepa- 
rately arranged around the rotor 122, as shown in FIG. 
15. On the other hand, also disclosed in Japanese Pat- 
ent Publication No. Hei 4-74693, Japanese Patent Laid- 
open No. Hei 8-251902, and so on is technique that 
magnetic yokes having a U-shape are separately ar- 
ranged around an outer circumference of a rotor. 
[0005] I n other words , according to these documents, 
as a general conventional stepping motor, a structure 
including a rotor composed of a permanent magnet in 
which a plurality of magnetic poles are sequentially 
magnetized along a circumferential direction and a pair 
of magnetic yokes having a U- or W-shape arranged 
around the rotor has been known. 
[0006] Meanwhile, although reduction in current has 
been required for the stepping motor in recent years, 
space for excitation coils is restricted by the size of bob- 
bins around which excitation coils are wound and mag- 
netic yokes on which the bobbins are mounted (for ex- 
ample, the size L in FIG. 14 and FIG. 15). As a result, 
in order to realize the reduction in current, it becomes 
necessary to increase the number of turns for winding 



wires, decrease the wire size, and so on, but the follow- 
ing problems arise. 

[0007] Specifically, even when the magnetic yokes 
having the U- or W-shape and the fixed size are used, 

5 the number of the turns of the excitation coils can be 
increased by making the wire size smaller, but, the 
smaller the wire size becomes, the greater care must 
be taken to avoid a break in winding the wires, which 
deteriorates an assembly property as well as greatly af- 

io fects reliability due to a possibility of the break even after 
the winding. 

[0008] Furthermore, there are disadvantages that, If 
the number of turns is increased while keeping the wire 
size as it is, the excitation coils become unable to be 
*s inserted into the magnetic yokes having the U- or W- 
shape, which results in the necessity for upsizing the 
magnetic yokes and also for upsizing the stepping mo- 
tor, and the like. 

[0009] On the other hand, although the movement of 
20 the analog indication in which the needle moves 
smoothly is generally required for meters, the needle 
does not move smoothly when the conventional step- 
ping motor is applied to the meter because detent torque 
is large and only discontinuous rotational movement can 
25 be obtained in the conventional stepping motor. 

SUMMARY OF THE INVENTION 

[0010] Considering the above facts, it is a first object 

30 of the present invention to provide a stepping motor ca- 
pable of freely changing the number of turns of an exci- 
tation coil so as to enhance an assembly property and 
reliability without upsizing a magnetic yoke, and it is a 
second object of the present invention to provide a step- 

35 ping motor capable of moving smoothly. 

[0011] According to one aspect of the present inven- 
tion, provided is a stepping motor comprising: a rotor 
having a plurality of magnetic poles along its circumfer- 
ential direction ; one stator base arranged near the rotor; 

40 a pair of magnetic yokes fixed on the stator base and 
arranged to face the magnetic poles of the rotor; a pair 
of excitation coils mounted on the pair of magnetic yokes 
respectively, for exciting the pair of magnetic yokes re- 
spectively in response to drive pulses having phase dif- 

45 ference from each other; and a pair of stator magnetic 
polar portions integrally formed with the stator base, for 
forming magnetic paths together with the magnetic 
yokes respectively. 

[0012] With the stepping motor, the following opera- 

50 tion is performed. 

[001 3] Specifically, according to the aspect, the step- 
ping motor is structured in which the stator base is ar- 
ranged near the rotor having the plurality of magnetic 
poles along its circumferential direction, and the pair of 

55 magnetic yokes arranged to face the magnetic poles of 
the rotor are fixed on the stator base. 
[0014] Further, according to the aspect, as the drive 
pulses having the phase difference from each other are 
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applied to the pair of excitation coils which are respec- 
tively mounted on the pair of magnetic yokes, the pair 
of excitation coils excite the pair of magnetic yokes re- 
spectively. Then, the pair of stator magnetic polar por- 
tions, which are integrally formed with the stator base 
and separated from each of the magnetic yokes, form 
the magnetic paths together with the magnetic yokes 
and are magnetized when the pair of magnetic yokes 
are excited. 

[0015] In other words, according to the aspect, since 
the stator magnetic polar portions which form the mag- 
netic paths together with the magnetic yokes are formed 
separately from the magnetic yokes, the magnetic 
yokes can be formed in, for example, an I-, T-, or J- 
shape, which does not restrict the size of the excitation 
coils. 

[001 6] As a result, different from the magnetic yokes 
having the U- or W-shape, the restriction on the shape 
of the magnetic yokes in arranging the excitation coils 
is reduced, and the number of turns of the excitation 
coils can be easily increased. Therefore, flexibility of re- 
sistance values of the excitation coils applied to the 
stepping motor according to this aspect greatly increas- 
es, which also improves flexibility in designing a shape 
of the stepping motor. 

[0017] As described above, according to this aspect, 
it becomes possible to freely change the size of the ex- 
citation coils without upsizing the magnetic yokes, and 
the assembly property and reliability of the stepping mo- 
tor can be enhanced while realizing the downsizing of 
the stepping motor. 

[0018] Moreover, according to this aspect, since the 
stator base and the pair of stator magnetic polar portions 
are integrally formed, the stepping motor can be assem- 
bled while positioning the magnetic yokes, which are 
fixed to the stator base, and the stator magnetic polar 
portions easily with high precision. Thus, the stator mag- 
netic polar portions can be manufactured more easily 
by presswork and the like, which can reduce the manu- 
facturing cost as well as forms an accurate magnetic cir- 
cuit. 

[0019] Meanwhile, as an example of the aspect, the 
stepping motor can be considered to have a structure 
in which, when an angle between the pair of magnetic 
yokes around a center of the rotor is a, angles between 
the magnetic yokes and the stator magnetic polar por- 
tions around the center of the rotor are p1 and p2, and 
an angle between the pair of stator magnetic polar por- 
tions around the center of the rotor is y, 

and if the number of magnetic poles of the rotor is 
N, K is an integer, a is an odd number, and b is 0 or 1 , 
each of the angle a and angles p1 and p2 is less than 
180 ° and obtained from formulas of 

ot = (K + 0.5) x 360/N 



p1, p2 = (a± b/4) X 360/N. 

[0020] However, in a case where a value of C ob- 
5 tained from a formula of C = y x N / 360 is an integer, 
detent torque increases, and therefore the angles are 
preferably in a range except the angle a and angles p1 
and p2 in this case. 

[0021] In other words, rt can be considered that the 

10 pair of magnetic yokes are fixed to the stator base in 
positions under the above-described conditions and the 
stator magnetic polar portions are arranged in positions 
under the above-described conditions with respect to 
the magnetic yokes. As a result, owing to the positions 

is of the pair of magnetic yokes and the pair of stator mag- 
netic polar portions, magnetic forces given from the 
magnetic poles of the rotor when the excitation coils are 
not energized cancel out each other so that the detent 
torque is reduced. 

20 [0022] As described above, in this example, similarly 
to the above description, it becomes possible to freely 
change the size of the excitation coils without upsizing 
the magnetic yokes, and the assemble property and re- 
liability of the stepping motor can be enhanced while re- 

25 alizing the downsizing of the stepping motor, as well as 
the detent torque is reduced so that the rotor moves 
smoothly. 

[0023] As a result, if the stepping motor according to 
this example is applied to the meter, the needle moved 

30 by the stepping motor operates smoothly. 

[0024] According to another aspect of the present in- 
vention, provided is a stepping motor having a structure 
in which permeability of material composing the pair of 
magnetic yokes is higher than permeability of material 

35 composing the stator base, in addition to the structure 
similar to that in the aforesaid aspect of the present in- 
vention. 

[0025] With the stepping motor, the following opera- 
tion is performed. 

40 [0026] Specifically, according to the aspect, although 
the operation is the same as that in the aforesaid aspect 
of the present invention, a large magnetic force can be 
generated with a small current owing to the above-de- 
scribed relation of permeability, which allows the step- 

45 ping motor to function optimally. Further, it becomes 
possible to use high-permeability material whose cost 
is generally high only in the minimum required part and 
the manufacturing cost for the stepping motor is further 
reduced. 

so [0027] According to still another aspect of the present 
invention, provided is a stepping motor having a struc- 
ture in which a case body for forming an outer frame of 
the stepping motor is included and a stator fixing hook 
is formed in the case body so that the stator base is fixed 

55 to the case body by the stator fixing hook, in addition to 
the structure similar to that in the aforesaid aspect of the 
present invention. 

[0028] With the stepping motor, the following opera- 
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tion is performed. 

[0029] Specifically, according to the aspect, although 
the operation is the same as that in the aforesaid aspect 
of the present invention, in assembling the stepping mo- 
tor, the stator base engages with the stator fixing hook 
so as to be fixed to the case body only by pushing the 
stator base into the case body. Therefore, the manufac- 
turing steps are simplified and the manufacturing cost 
for the stepping motor is further reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] 

FIG. 1 is an exploded perspective view of a stepping 
motor according to a first embodiment of the 
present invention; 

FIG. 2 is a plan view showing the stepping motor 
according to the first embodiment of the present in- 
vention in a state that a cover and gears are re- 
moved therefrom; 

FIG. 3 is a sectional view of the stepping motor ac- 
cording to the first embodiment of the present in- 
vention; 

FIG. 4 is an operational chart showing the relation 
between input pulses inputted to the stepping motor 
according to the first embodiment of the present in- 
vention and magnetization of coils; 
FIG. 5A is a conceptual view showing the first rela- 
tion between magnetic poles of a permanent mag- 
net, and, magnetic yokes and stator magnetic polar 
portions of the stepping motor according to the first 
embodiment of the present invention, FIG. 5B is a 
conceptual view showing the relation between the 
magnetic poles and the magnetic yokes and stator 
magnetic polar portions when the permanent mag- 
net of the stepping motor of the same rotates 18°, 
FIG. 5C is a conceptual view showing the relation 
between the magnetic poles and the magnetic 
yokes and stator magnetic polar portions when the 
permanent magnet of the stepping motor of the 
same further rotates 1 8°, and FIG. 5D is a concep- 
tual view showing the relation between the magnet- 
ic poles and the magnetic yokes and stator magnet- 
ic polar portions when the permanent magnet of the 
stepping motor of the same still further rotates 18°; 
FIG. 6 A is a conceptual view showing the relation 
between the magnetic yokes and the stator mag- 
netic polar portions of a first variation of the stepping 
motor according to the first embodiment of the 
present invention, FIG. 6B is a conceptual view 
showing the relation between the magnetic yokes 
and the stator magnetic polar portions of a second 
variation of the stepping motor according to the first 
embodiment of the present invention, FIG. 6C is a 
conceptual view showing the relation between the 
magnetic yokes and the stator magnetic polar por- 
tions of a third variation of the stepping motor ac- 



cording to the first embodiment of the present in- 
vention, and FIG. 6D is a conceptual view showing 
the relation between the magnetic yokes and the 
stator magnetic polar portions of a fourth variation 

5 of the stepping motor according to the first embod- 
iment of the present invention; 
FIG. 7 is a plan view showing a stepping motor ac- 
cording to a second embodiment of the present in- 
vention in a state that a cover is removed therefrom; 

10 FIG. 8 is an exploded perspective view of a stepping 
motor according to a third embodiment of the 
present invention; 

FIG, 9 is a plan view of the stepping motor according 
to the third embodiment of the present invention in 
is a state that a cover is removed therefrom; 

FIG. 1 0 is a plan view of the stepping motor accord- 
ing to the third embodiment of the present invention 
in a state that the cover and gears are removed 
therefrom; 

20 FIG. 11 is a sectional view near a rotor of the step- 
ping motor according to the third embodiment of the 
present invention; 

FIG. 12 is a sectional view showing engagement of 
the gears of the stepping motor according to the 

25 third embodiment of the present invention; 

FIG. 13 is a sectional view showing a stepping mo- 
tor in a first conventional art; 
FIG. 14 is a sectional plan view showing the step- 
ping motor in the first conventional art; and 

30 FIG. 15 is a sectional view showing a stepping mo- 
tor in a second conventional art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 

[0031] Hereinafter a first embodiment of a stepping 
motor according to the present invention will be ex- 
plained with reference to the drawings in order to clarify 
the present invention. 

40 [0032] As shown in FIG. 1 to FIG. 3, a case body 12 
made of a synthetic resin composes an outer frame of 
a stepping motor 1 0 according to the first embodiment 
of the present invention, and a cover 14 which is also 
made of the synthetic resin composes a cover of the 

45 case body 1 2. Ends of a supporting axis 1 6 are rotatabiy 
supported by parts of the cover 14 and the case body 
1 2, which correspond to each other, respectively so that 
the supporting axis 16 is bridged therebetween. 
[0033] On the supporting axis 16, a rotor 18 whose 

50 center portion is made of a resin and having a cylindrical 
permanent magnet 20 arranged on its outer circumfer- 
ential side is mounted. In this permanent magnet 20, a 
plural, for example, 10 magnetic poles are formed at 
regular intervals along a circumferential direction. In oth- 

55 er words, the permanent magnet 20 has totally 1 0 mag- 
netic poies in which 5 north poles and 5 south poles are 
formed adjacent to each other. 

[0034] In a part of a bottom of the case body 1 2 near 



4 



7 



EP 1 244 200 A2 



8 



the outer circumferential side of the rotor 18, a stator 
base 22 made of ferromagnetic material such as iron 
and formed in an arcuate shape is fixed in a manner that 
its one end side sandwiches the rotor 18. 
[0035] Further, a pair of magnetic yokes 24 and 26 
each of which is formed in a linear shape pass through 
through holes 40A of bobbins 40 respectively. Thus, a 
pair of coils 34 and 36, which are excitation coils wound 
around the bobbins 40 are mounted on the pair of mag- 
netic yokes 24 and 26 so that the pair of coils 34 and 36 
are fixed to the pair of magnetic yokes 24 and 26. 
[0036] Base end sides of the pair of magnetic yokes 
24 and 26 are fixed to the stator base 22 and front end 
sides of the pair of magnetic yokes 24 and 26 are ar- 
ranged to face the rotor 1 8. This causes the pair of mag- 
netic yokes 24 and 26 to be arranged in a manner that 
their longitudinal directions extend along directions or- 
thogonal to an axis direction of the rotor 18 so that a 
magnetic path can be formed in the stator base 22. It 
should be noted that an angle a which is shown in FIG. 
2 around the center of the rotor 18 between the pair of 
magnetic yokes 24 and 26 is an angle of 126 °. 
[0037] Meanwhile, a pair of stator magnetic polar por- 
tions 22A and 22B are provided on an inner circumfer- 
ential side of the stator base 22 in a manner that pro- 
truding portions which protrude in directions orthogonal 
to the axis direction of the rotor 1 8 at the inner circum- 
ferential side respectively are bent upward in a vertical 
direction with respect to a surface of the stator base 22. 
[0038] Accordingly, the pair of stator magnetic polar 
portions 22A and 22B are integrally formed with the sta- 
tor base 22 and separately structured from the magnetic 
yokes 24 and 26. The stator magnetic polar portion 22A 
is arranged in a manner that an angle p1 shown in FIG . 
2, around the center of the rotor 18 between the mag- 
netic yoke 24 and the stator magnetic polar portion 22A 
is an angle of 45°. Further, the stator magnetic polar por- 
tion 22B is arranged in a manner that an angle p2 shown 
in FIG. 2 around the center of the rotor 1 8 between the 
magnetic yoke 26 and the stator magnetic polar portion 
22B is an angle of 45°. As a result, an angle y shown in 
FIG. 2 around the center of the rotor 1 8 between the pair 
of stator magnetic portions 22A and 22B is also 126°. 
[0039] Thus, the pair of magnetic yokes 24 and 26 and 
the pair of stator magnetic polar portions 22A and 22B 
are arranged radially around the center of the rotor 18. 
Moreover, the aforesaid pair of coils 34 and 36 are con- 
nected to a not-shown control circuit, and currents are 
supplied from the control circuit the respective coils. In- 
cidentally, the currents respectively include drive pulses 
which are generated at a predetermined frequency and 
have predetermined phase difference from each other. 
[0040] In response to these drive pulses, the pair of 
coils 34 and 36 excite the pair of magnetic yokes 24 and 
26 respectively, and in this case, the stator magnetic po- 
lar portion 22A and the magnetic yoke 24 compose a 
magnetic path while the stator magnetic polar portion 
22B and the magnetic yoke 26 compose a magnetic 



path. As a result, the rotor 1 8 rotates by the number of 
pulses as the pair of magnetic yokes 24 and 26 and the 
pair of stator magnetic polar portions 22A and 22B are 
sequentially magnetized. 

5 [0041] On the other hand, on the rotor 18, a prime 
gear 50 made of resin material is integrally formed with 
the center portion of the rotor 1 8. Further, an output gear 
54 to which an output axis 48 is press-fitted is rotatably 
supported by the case body 12. Furthermore, a middle 

10 gear 52 composed of a large gear 52A and a small gear 
52B shown in FIG. 3 is rotatably fitted to a supporting 
axis 46 which is mounted to the case body 12. 
[0042] In other words, the middle gear 52 is rotatably 
arranged between the prime gear 50 and the output gear 

15 54. The prime gear 50 is engaged with the middle gear 
52 by the large gear 52A of the middle gear 52 and the 
output gear 54 is engaged with the middle gear 52 by 
the small gear 52B of the middle gear 52 so that the 
rotation speed of the rotor 18 is reduced. 

20 [0043] Next, the assembly of the stepping motor 10 
according to the embodiment will be explained. 
[0044] The stator base 22 is manufactured by press- 
work or the like and the cover 1 4, case body 1 2, bobbins 
40, and the resin material part of the rotor 1 8 are respec- 

25 tively manufactured by injection molding or the like, in 
advance. Further, the rotor 1 8 is fitted to the supporting 
axis 16 and the permanent magnet 20 is mounted on 
the outer circumferential side of the rotor 1 8. Aside from 
this, the permanent magnetic 20 has been magnetized 

30 in a manner that it has the plural magnetic poles at reg- 
ular intervals along the circumferential direction. Inci- 
dentally, the stator magnetic polar portions 22A and 22B 
are bent when the stator base 22 is subjected to press- 
work or the like. 

35 [0045] Thereafter, the pair of magnetic yokes 24 and 
26 are fixed at predetermined positions in the stator 
base 22 by welding or the like. Then, the magnetic yokes 
24 and 26 pass through the through holes 40A of the 
pair of bobbins 40 around which the coils 34 and 36 are 

40 wound respectively and the stator base 22 is mounted 
on the bottom of the case body 12. Thus, the coils 34 
and 36 are installed on the stator base 22 in a state that 
the pair of magnetic yokes 24 and 26 penetrate the coils 
34 and 36 respectively. 

45 [0046] Further, by installing the metallic supporting 
axis 1 6, on which the rotor 1 8 is mounted, to the case 
body 12 from an upper part of FIG. 1 , one end side of 
the supporting axis 16 becomes in a state of being ro- 
tatably supported by the case body 12. Thus, the rotor 

50 1 8 is rotatably mounted on the case body 12. 

[0047] Furthermore, the output gear 54 to which the 
output axis 48 is press-fitted is rotatably mounted on the 
case body 1 2. Thereafter, the middle gear 52 for reduc- 
ing the rotation speed of the rotor 18 is rotatably fitted 

55 to the supporting axis 46 and the supporting axis 46 is 
mounted on the case body 12. Accordingly, the middle 
gear 52 is made to engage with the prime gear 50, which 
has been integrally formed when the rotor 1 8 is injection 
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molded, and the output gear 54. 
[0048] Finally, the cover 14 is mounted on an upper 
face of the case body 1 2 in which the parts are contained 
as described above while a not-shown protruding por- 
tion formed on the case body 12 is fitted with the cover 
14, and the cover 14 is fixed to the case body 1 2 with a 
screw or the like so that the stepping motor 10 is com- 
pleted. 

[0049] Subsequently, the operation of the stepping 
motor 1 0 according to the embodiment will be explained. 
[0050] The stepping motor 10 according to the em- 
bodiment has a structure in which the stator base 22 is 
arranged near the rotor 18 having the plural magnetic 
poles along the circumferential direction, and the pair of 
magnetic yokes 24 and 26 arranged to face the magnet- 
ic poles of the rotor 18 are fixed on the stator base 22 
so that the magnetic paths can be formed respectively. 
[0051] Further, the pair of coils 34 and 36 excite the 
pair of magnetic yokes 24 and 26 respectively as the 
drive pulses having the phase difference from each oth- 
er are imposed from the control circuit to the pair of coils 
34 and 36 which are respectively mounted on the pair 
of magnetic yokes 24 and 26. Then, the pair of stator 
magnetic polar portions 22A and 22B, which are inte- 
grally formed with the stator base 22 and separated from 
each of the magnetic yokes 24 and 26, form the mag- 
netic paths together with the magnetic yokes 24 and 26 
and become magnetized. 

[0052] As a result, for example, if currents including 
drive pulses having phase difference are supplied to the 
coils 34 and 36, the following happens. 
[0053] Specifically, the magnetic path is formed from 
the magnetic yoke 24 through the stator base 22 to the 
stator magnetic polar portion 22A, which becomes a 
south pole or a north pole. Having phase difference from 
this, the magnetic path is f ormed from the magnetic yoke 
26 through the stator base 22 to the stator magnetic po- 
lar portion 22B, which becomes a south pole or a north 
pole. 

[0054] Accordingly, the magnetic paths cooperate 
with the magnetic poles of the permanent magnet 20 of 
the rotor 18 to cause the rotor 18 to perform stepping 
operation in which the rotor 18 rotates sequentially, and 
the stepping operation is transmitted to the output gear 
54 while its speed is reduced at the middle gear 52 and 
outputted to the outside of the stepping motor 10. 
[0055] In this embodiment, since the stator magnetic 
polar portions 22A and 22B, which form the magnetic 
paths together with the magnetic yokes 24 and 26, are 
formed separately from the magnetic yokes 24 and 26, 
the magnetic yokes 24 and 26 have, for example, an I- 
or T-shape, which does not restrict the size of the coils 
34 and 36. 

[0056] As a result, different from conventional mag- 
netic yokes having a U- or W-shape, the restriction on 
the arrangement of the coils 34 and 36 is reduced and 
the coils 34 and 36 can be wound by desirable turns 
without making their wire size smaller. Therefore, cur- 



rents to be supplied to the coils 34 and 36 are not re- 
stricted by the size of the magnetic yokes 24 and 26. 
[0057] Accordingly, flexibility of resistance values of 
the coils 34 and 36 which are applied to the stepping 
5 motor 1 0 according to the embodiment greatly increas- 
es, which also improves flexibility in designing a shape 
of the stepping motor 1 0. 

[0058] As described above, in this embodiment, the 
size of the coils 34 and 36 can be freely changed without 
io upsizing the magnetic yokes 24 and 26, which can en- 
hance an assembly property and reliability of the step- 
ping motor 1 0 while realizing the downsizing of the step- 
ping motor 10. 

[0059] Since the shape of the magnetic yokes 24 and 

15 26 is simple, process yields are improved. In addition, 
since the shape of the magnetic yokes 24 and 26 is sim- 
ple and the assembly can be mechanized, it becomes 
also possible to reduce the manufacturing cost. 
[0060] Aside from this, in this embodiment, since the 

20 magnetic yokes 24 and 26 are formed separately from 
the stator base 22, it becomes unnecessary to make 
material of the magnetic yokes 24 and 26 the same as 
material of the stator base 22 and stator magnetic polar 
portions 22A and 22B. Therefore, it becomes possible 

25 to change motor characteristics by changing material of 
only the magnetic yokes 24 and 26 into material which 
has an excellent magnetic characteristic without chang- 
ing material of a ferromagnetic material plate composing 
the stator base 22 and stator magnetic polar portions 

30 22A and 22B, and so on . Accordingly, motors having the 
same shape and different characteristics can be manu- 
factured, which realizes diversification of products. 
[0061] Specifically, in this embodiment, permeability 
of the material composing the pair of magnetic yokes 24 

35 and 26 is set as higher than permeability of the material 
composing the stator base 22. 

[0062] Thus, not only the diversification of the prod- 
ucts can be realized but also large magnetic force can 
be generated with a small current due to the above-de- 

40 scribed relation of the permeability, which allows the 
stepping motor 1 0 to function optimally. Further, it be- 
comes possible to use high-permeability material, which 
costs high in general, only in the minimum necessary 
parts and the manufacturing cost of the stepping motor 

45 to can be reduced. 

[0063] Meanwhile, in this embodiment, since the sta- 
tor base 22 and the pair of stator magnetic polar portions 
22A and 22B are integrally formed, the stepping motor 
10 can be assembled while positioning the magnetic 

50 yokes 24 and 26, which are fixed to the stator base 22, 
and the stator magnetic polar portions 22A and 22 B eas- 
ily with high precision. 

[0064] As a result, by manufacturing the stator mag- 
netic polar portions 22A and 22B easily with high preci- 
55 sion by presswork or the like, the yields can be improved 
and the manufacturing cost can be reduced as welt as 
an accurate magnetic circuit can be formed. 
[0065] On the other hand, in this embodiment, the ro- 
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tor 1 8 has 1 0 poles and the angle a between the pair of 
magnetic yokes 24 and 26 around the center of the rotor 
18 shown in FIG. 2 is 126°. In addition, the angle 01 
between the magnetic yoke 24 and the stator magnetic 
polar portion 22A around the center of the rotor 1 8 and 
the angle 02 between the magnetic yoke 26 and the sta- 
tor magnetic polar 22B around the center of the rotor 1 8 
are 45 ° respectively. Accordingly, each of the angle a 
and angles 01 and 02 is equal to or less than 1 80 ° . 
[0066] The angle a and angles 01 and 02 coincide 
with values obtained from the following formulas when 
the number N of magnetic poles of the rotor 1 8 is 1 0, K 
is 3 as an integer, a is 1 as an odd number, and b is 1 
out of 0 and 1 . 

a - (K + 0.5) X 360/N 



01 , 02 = (a ± b/4) X 360/N 

[0067] Furthermore, in this embodiment, the angle y 
between the pair of stator magnetic polar portions 22A 
and 22B around the center of the rotor 18 is 126°, and 
a value of C obtained from a formula 

C = y X N / 360 is 3.5. 

[0068] Therefore, since the value of C is not an inte- 
ger, the above-described angle a and angles 01 and 02 
could be appropriate although the angle a and angles 
01 and 02 in a case where the value of the C is an integer 
are exceptional. 

[0069] In other words, in this embodiment, the pair of 
magnetic yokes 24 and 26 are fixed in the positions un- 
der the above-described conditions on the stator base 
22 as well as the pair of stator magnetic polar portions 
22A and 22B are arranged in the positions under the 
above-described conditions with respect to the pair of 
magnetic yokes 24 and 26. 

[0070] As a result, in the case where, for example, the 
angle ot is 1 26 ° and each of the angles 01 and 02 is 45 
9 as described above, magnetic forces given from mag- 
netic poles of the rotor 1 8 cancel out each other when 
the coils 34 and 36 are not energized because of the 
positions of the pair of magnetic yokes 24 and 26 and 
the pair of stator magnetic polar portions 22A and 22B, 
which reduces detent torque. 

[0071] More specifically, when the magnetic yoke 24 
comes to the position facing a center of any of the mag- 
netic poles of the rotor 1 8, the other magnetic yoke 26 
and stator magnetic polar portions 22A and 22B are not 
positioned to face centers of the magnetic poles of the 
rotor 1 8. When the magnetic yoke 26 comes to the po- 
sition facing a center of any of the magnetic poles of the 
rotor 1 8, the other magnetic yoke 24 and stator magnetic 
polar portions 22 A and 22B are not positioned to face 



centers of the magnetic poles of the rotor 1 8. 
[0072] As described above, since the detent torque is 
reduced and the rotor 18 operates smoothly in this em- 
bodiment, if the stepping motor 1 0 according to this em- 
5 bodiment is applied to meters, a needle which is moved 
by the stepping motor 1 0 operates smoothly. 
[0073] Next, the rotational operation of the stepping 
motor 1 0 according to the embodiment will be explained 
in detail. 

10 [0074] First, as shown in FIG. 4, as an input pulse is 
inputted to the control circuit, a pulse-formed current 
which is a drive pulse is supplied to the coil 34 from the 
control circuit. At this time, as shown in FIG. 5A, the 
magnetic yoke 24 mounted with the coil 34 becomes a 

1 5 south pole and attracts a north pole of the permanent 
magnet 20 fixed to the rotor 18. 
[0075] On this occasion, the stator magnetic polar 
portion 22A becomes a north pole although its magnetic 
force is smaller than that of the magnetic yoke 24, and 

20 the stator magnetic polar portion 22A is positioned to 
face a south pofe of the permanent magnet 20 in a state 
of deviating from a center of the south poie. Further, 
since the magnetic yoke 26 mounted with the coil 36 is 
positioned at the angle of 126 ° with respect to the mag- 

25 netic yoke 24 in advance, the magnetic yoke 26 is po- 
sitioned to face to the midpoint position between a north 
pole and a south pole of the permanent magnet 20. 
Moreover, the stator magnetic polar portion 22B is also 
positioned to face the permanent magnet 20 in a state 

30 of deviating from a center of its magnetic pole. 

[0076] At this time, since the pair of stator magnetic 
polar portions 22A and 22B attract the respective facing 
south poles of the rotor 1 8 with forces equal to each oth- 
er, which generates forces to rotate the rotor 1 8 in di- 

35 rections opposite to each other, the rotational forces are 
canceled so that the smooth rotation of the rotor 1 8 be- 
comes possible. 

[0077] Next, as shown in FIG. 4, as the input pulse is 
inputted to the control circu it again similarly to the above 

40 description, the magnetic yoke 26 mounted with the coil 
36 becomes a south pole as shown in FIG. 5B. Thus, 
the magnetic yoke 26 attracts the north pole of the rotor 
1 8, and the rotor 1 8 rotates by 1 8 ° in a clockwise direc- 
tion in FIG. 5B. 

45 [0078] Also at this time, the stator magnetic polar por- 
tion 22B becomes a north pole although the magnetic 
force is smaller than that of the magnetic yoke 26, and 
the stator magnetic polar portion 22B is positioned to 
face a south pole of the permanent magnet 20 in a state 

so of deviating from the center of the south pole. Further, 
since the magnetic yoke 24 is positioned at the angle of 
126 ° with respect to the magnetic yoke 26 in advance, 
the magnetic yoke 24 is positioned to face the midpoint 
position between the north pole and the south pole of 

55 the permanent magnet 20. In addition, the stator magnet 
polar portion 22A is also positioned to oppose the mag- 
netic pole of the permanent magnet 20 in a state of de- 
viating from its center. 
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[0079] Therefore, also on this occasion, the pair of 
stator magnetic polar portions 22 A and 22B attract the 
south pole and north pole of the rotor 18 respectively, 
similarly to the above description, and the forces are 
generated to rotate the rotor 18 in the directions oppo- 
site to each other, thereby canceling the rotational forc- 
es so that the smooth rotation of the rotor 1 8 becomes 
possible. 

[0080] As shown in FIG. 4, as the input pulse is input- 
ted to the control circuit again similarly to the above de- 
scription, the magnetic yoke 24 of the coil 34 becomes 
a north pole as shown in FIG. 5C. Thus, the magnetic 
yoke 24 attracts the south pole of the rotor 1 8, and the 
rotor 1 8 further rotates by 1 8 ° in the clockwise direction. 
Also on this occasion, the rotational forces given to the 
rotor 1 8 are canceled between the pair of stator mag- 
netic polar portions 22A and 22B, similarly to the afore- 
said case in FIG. 5A although the magnetic poles are 
reversed, and the smooth rotation of the rotor 18 be- 
comes possible. 

[0081] Further, as shown in FIG. 4, as the input pulse 
is inputted to the control circuit again similarly to the 
above description, the magnetic yoke 26 of the coil 36 
becomes a north pole as shown in FIG. 5D. Thus, the 
magnetic yoke 26 attracts the south pole of the rotor 1 8, 
and the rotor 18 further rotates by 1 8 ° in the clockwise 
direction. Also on this occasion, the rotational forces giv- 
en to the rotor 1 8 are canceled between the pair of stator 
magnetic polar portions 22A and 22B, similarly to the 
aforesaid case in FIG. 5B although the magnetic poles 
are reversed, and the smooth rotation of the rotor 18 
becomes possible. 

[0082] Thereafter, the coil 34 and coil 36 are excited 
in the above order and the rotor 18 smoothly rotates in 
sequence in the same direction. Incidentally, if the order 
for exciting the coil 34 and coil 36 is changed, the rota- 
tional direction of the rotor 1 8 can be reversed. 
[0083] Meanwhile, as variations of this embodiment, 
the following cases can be considered. 
[0084] A first variation shown in FIG. 6A has a struc- 
ture in which the number N of the magnetic poles of the 
rotor 18 is 10, K is 1 as an integer, a is 3 as an odd 
number, and b is 0 out of 0 and 1 , which means that the 
angle a is 54 ° and each of the angles p1 and p2 is 1 08 
° according to the aforesaid formulas. 
[0085] In this case, since the angle y is 90 ° and C 
does not become an integer according to the formula of 
C = y X N / 360, the angle a and the angles 01 and 02 
could be appropriate angles. 

[0086] A second variation shown in FIG. 6B has a 
structure in which the number N of the magnetic poles 
of the rotor 18 is 10, K is 2 as an integer, a is 3 as an 
odd number, and b is 0 out of 0 and 1 , which means that 
the angle a is 90 ° and each of the angles p1 and p2 is 
108 ° according to the aforesaid formulas. 
[0087] In this case, since the angle y is 54 ° and C 
does not become an integer according to the formula of 
C = y x N / 360, similarly, the angle a and the angles pi 



and p2 could be appropriate angles. 
[0088] A third variation shown in FIG. 6C has a struc- 
ture in which the number N of the magnetic poles of the 
rotor 18 is 10, K is 4 as an integer, a is 1 as an odd 

5 number, and b is 1 out of 0 and 1 , which means that the 
angle a is 1 62 ° and each of the angles p1 and p2 is 45 
° according to the aforesaid formulas. 
[0089] In this case, since the angle y is 1 98 ° and C 
does not become an integer according to the formula of 

10 c = y X N / 360, similarly, the angle a and the angles p1 
and p2 could be appropriate angles. 
[0090] A fourth variation shown in FIG. 6D has a struc- 
ture in which the number N of the magnetic poles of the 
rotor 1 8 is 1 0, K is 4 as an integer, a is 3 as an odd 

15 number, and b is 1 out of 0 and 1 , which means that the 
angle a is 162 ° and each of the angles p1 and p2 is 99 
° according to the aforesaid formulas. 
[0091] In this case, since the angle y is 198 ° and C 
does not become an integer according to the formula of 

20 c = y x N / 360, similarly, the angle a and the angles p1 
and p2 could be appropriate angles. 
[0092] Incidentally, in the variations in FIG. 6A and 
FIG. 6B out of the variations shown in FIG. 6A to FIG. 
6D, since each of the pair of stator magnetic polar por- 

25 tions 22A and 22B is arranged beyond a range of the 
angle a, a value of the angle y is obtained by a formula 
of y= (360 - a) - 01 - p2. Further, in the variations in FIG. 
6C and FIG. 6D, since the stator magnetic portion 22A 
is arranged in the range of the angle a, the value of the 

30 angle y is obtained by a formula of y = (360 - a) + p1 - p2. 
[0093] Subsequently, a second embodiment of the 
stepping motor according to the present invention will 
be explained with reference to FIG. 7. It should be noted 
that the same numerals and symbols are given to the 

35 same parts as those explained in the first embodiment 
and the overlapping explanations thereof will be omit- 
ted. 

[0094] Specifically, according to this embodiment, by 
arranging the magnetic yokes 24 and 26 and the stator 

40 magnetic polar portions 22A and 22B as shown in FIG. 
7, the same operation and effects as those in the first 
embodiment can be realized, although the stator base 
22 is formed in a rectangular shape. Further, according 
to the embodiment, the number of turns of the coils 34 

45 and 36 can become freely changed without being ob- 
structed by gears and the like, which further improves 
the flexibility in designing the shape of the stepping mo- 
tor 10. 

[0095] Next, a third embodiment of the stepping motor 
50 according to the present invention will be explained with 
reference to FIG. 8 to FIG. 12. It should be noted that 
the same numerals and symbols are given to the same 
parts as those explained in the first embodiment and the 
overlapping explanations thereof will be omitted. 
55 [0096] As shown in FIG. 8, a case body 62 having a 
substantially circular shape and made of a synthetic res- 
in composes an outer frame of a stepping motor 60 ac- 
cording to this embodiment, and a cover 64 which is also 
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having a substantially circular shape and made of the 
synthetic resin composes a cover to close an open end 
of the case body 62. In outer circumferential parts of the 
cover 64, a plurality (in FIG. 8, shown only one) of en- 
gaging pieces 64A, which are tongue-shaped engaging 
portions, are provided to protrude downward respective- 
ly. Further, a plurality (in FIG. 8, shown only one) of con- 
necting hooks 62A provided in outer circumferential 
parts of the case body 62 and holes 64B formed by bor- 
ing the engaging pieces 64A engage with each other, 
thereby allowingthe cover 64to be mounted on the case 
body 62. 

[0097] In addition, as shown in FIG. 8 to FIG. 12, the 
ends of the supporting axis 16, which is the same as 
that in the first embodiment, are supported by parts of 
the cover 64 and case body 62, which correspond to 
each other, and the supporting axis 16 is bridged ther- 
ebetween. On the supporting axis 16, similarly to the first 
embodiment, the rotor 18 having the cylindrical perma- 
nent magnet 20 arranged on its outer circumferential 
side is rotatably mounted. 

[0098] Then, as shown in FIG. 8 and FIG. 9, the mid- 
dle gear 52 for reducing the rotation speed of the rotor 
1 8 is rotatably arranged between the prime gear 50 and 
the output gear 54, similarly to the first embodiment. Fur- 
ther, in a part of the case body 62 facing the output gear 
54, a receiving portion 62B for stably maintaining a po- 
sition in an axis direction of the output gear 54 is formed 
in a ring shape. Furthermore, in a holding portion forthe 
supporting axis 46 in the case body 62, a circular fitting 
portion 62C for securely fitting an end of the supporting 
axis 46 is provided in a protruding manner. 
[0099] Meanwhile, as shown in FIG. 8 and FIG. to, in 
a part of a bottom of the case body 62 near the rotor 1 8, 
a stator base 72 formed in a plate and made of ferro- 
magnetic material such as iron is fixed in a manner that 
its one end side faces the rotor 1 8. 
[0100] Left and right parts of base end sides of the 
stator base 72 have leg portions 72C which extend to 
the left and to the right respectively. The pair of leg por- 
tions 72C respectively abut to root parts of pairs of yoke 
fixing hooks 66 which are formed to protrude from the 
case body 62 so that the stator base 72 is positioned in 
the case body 62. The middle part of the stator base 72 
also engages with two stator fixing hooks 68 which are 
formed to protrude from the case body 62 so that the 
stator base 72 is fixed to the case body 62. 
[0101] In addition, at the midsection of the base end 
side of the stator base 72, a recess 72D is formed in a 
manner of avoiding the receiving portion 62B which is a 
supporting portion forthe output gear 54. Moreover, also 
at the midsection of the front end side of the stator base 
72, a recess 72 E is formed in a manner of avoiding the 
fitting portion 62C for the supporting axis 46 which is a 
supporting portion for the middle gear 52. 
[0102] On the other hand, a pair of stator magnetic 
polar portions 72A and 72B are provided in the parts of 
the frond end side of the stator base 72 in a manner that 



protruding portions which protrude from the frond end 
side of the stator base 72 in directions orthogonal to the 
axis direction of the rotor 1 8 are bent upward in a vertical 
direction with respect to a surface of the stator base 72. 

^ in addition, the angle y around the center of the rotor 1 8 
between the pair of stator magnetic polar portions 72A 
and 72B shown in FIG. 10 is an angle of 54 °. 
[0103] Further, a pair of magnetic yokes 74 and 76 
each of whose base end sides is formed in a linear 

10 shape pass through the through holes 40A of the bob- 
bins 40 respectively. Thus, the pair of coils 34 and 36, 
which are the excitation coils wound around the bobbins 
40, are mounted on the pair of magnetic yokes 74 and 
76 so that the pair of coils 34 and 36 are fixed to the pair 

'5 of magnetic yokes 74 and 76. However, the front end 
sides of the pair of magnetic yokes 74 and 76 are formed 
in a curved shape. 

[01 04] Ends of the base end sides of the pair of mag- 
netic yokes 74 and 76, which respectively penetrate the 

20 bobbins 40, are tightly held by the pairs of yoke fixing 
hooks 66 respectively. Thus, the base end sides of the 
pair of magnetic yokes 74 and 76 abut to the pair of leg 
portions 72C of the stator base 72 respectively from the 
upper part. As a result, the base end sides of the pair of 

2 5 magnetic yokes 74 and 76 are set on the stator base 72 
and fixed to a bottom side of the case body 62 so that 
magnetic paths can be formed respectively. 
[0105] Moreover, as shown in FIG. 11 , the front end 
sides of the pair of magnetic yokes 74 and 76 are re- 

30 spectively pushed and fixed to the bottom side of the 
case body 62 by pins 64C protruding downward from 
the cover 64. Furthermore, flange portions of the pair of 
bobbins 40 around which the coils 34 and 36 are wound 
are also respectively pushed and fixed to the bottom 

35 side of the case body 62 by convexes 64D protruding 
downward from the cover 64. 

[0106] Accordingly, the base end sides of the pair of 
magnetic yokes 74 and 76 are fixed at positions in the 
case body 62 with the stator base 72 therebetween in a 
40 manner that their longitudinal directions are parallel to 
each other. 

[0107] As a result of above description, although the 
pair of stator magnetic polar portions 72A and 72B are 
integrally formed with the stator base 72 and separately 
45 structured from the magnetic yokes 74 and 76, the base 
end sides of the pair of magnetic yokes 74 and 76 are 
set on the stator base 72 so that the magnetic paths can 
be formed. 

[0108] In addition, front end portions 74A and 76A, 
50 wn ich are respectively ends of front end sides of th e pair 
of magnetic yokes 74 and 76 formed in the curved 
shape, are respectively arranged outside narrow space 
sandwiched between the pair of stator magnetic polar 
portions 72A and 72B, different from the first embodi- 
es ment. 

[0109] However, the stator magnetic polar portion 
72A is arranged so that an angle fS1 between the front 
end portion 74 A of the magnetic yoke 74 and the stator 
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magnetic polar portion 72A around the center of the ro- 
tor 1 8 shown in FIG. 1 0 is an angle of 11 7°. Further, the 
stator magnetic polar portion 72B is arranged so that the 
an angle p2 between the front end portion 76A of the 
magnetic yoke 76 and the stator magnetic polar portion 
72B around the center of the rotor 1 8 is an angle of 99 
° . Accordingly, an angle a between the front end por- 
tions 74A and 76A of the pair of magnetic yokes 74 and 
76 around the center of the rotor 18 is 90 °. 
[01 1 0] As described above, the front end portions 74A 
and 76A of the pair of magnetic yokes 74 and 76 and 
the pair of stator magnetic polar portions 72 A and 72B 
are arranged radially around the center of the rotor 18. 
Further, the aforesaid pair of coils 34 and 36 are con- 
nected to the not-shown control circuit, and currents are 
supplied from the control circuit. However, the currents 
respectively include the drive pulses which are gener- 
ated at the predetermined frequency and have prede- 
termined phase difference from each other. 
[0111] |n response to these drive pulses, the pair of 
coils 34 and 36 excite the pair of magnetic yokes 74 and 
76 respectively, and in this case, the stator magnetic po- 
lar portion 72A and the magnetic yoke 74 form a mag- 
netic path through the stator base 72 while the stator 
magnetic polar portion 72B and the magnetic yoke 76 
form a magnetic path through the stator base 72. As a 
result, the pair of magnetic yokes 74 and 76 and the pair 
of stator magnetic polar portions 72A and 72B are mag- 
netized in sequence, and the rotor 18 rotates by the 
number of the pulses. 

[0112J Subsequently, the operation of the stepping 
motor 60 according to this embodiment will be ex- 
plained. 

[0113] The stepping motor 60 according to the em- 
bodiment has a structure in which the stator base 72 is 
arranged near the rotor 18 which has the plurality of 
magnetic poles along its circumferential direction. Fur- 
ther, the stepping motor 60 also has a structure in which 
the base end sides of the pair of magnetic yokes 74 and 
76 which are arranged to face the magnetic poles of the 
rotor 1 8 abut on the leg portions 72C of the stator base 
72 respectively so that the magnetic paths can be 
formed respectively. 

[0114] Moreover, as the drive pulses having the 
phase difference from each other are supplied from the 
control circuit to the pair of coils 34 and 36 which are 
mounted on the pair of magnetic yokes 74 and 76 re- 
spectively, the pair of coils 34 and 36 excite the pair of 
magnetic yokes 74 and 76 respectively. Then, the pair 
of stator magnetic polar portions 72A and 72B, which 
are integrally formed with the stator base 72 and sepa- 
rated from the magnetic yokes 74 and 76 respectively, 
form the magnetic paths together with the magnetic 
yokes 74 and 76 while being magnetized. 
[01 15] As a result, for example, when the currents in- 
cluding the drive pulses having the phase difference are 
supplied to the coils 34 and 36, the following happens. 
[0116] Specifically, a magnetic path is formed from 



the base end side of the magnetic yoke 74 through the 
stator base 72 to the stator magnetic polar portion 72A 
adjacent to the front end portion 74A of the magnetic 
yoke 74, and these become a south pole or a north pole. 

5 On the other hand, having phase difference from this, a 
magnetic path is formed from the base end side of the 
magnetic yoke 76 through the stator base 72 to the sta- 
tor magnetic polar portion 72B adjacent to the front end 
portion 76 A of the magnetic yoke 76, and these become 

10 a south pole or a north pole. 

[01 1 7] As described above, these magnetic paths co- 
operate with the magnetic poles of the permanent mag- 
net 20 of the rotor 1 8, which allows the rotor 1 8 to per- 
form the stepping operation in which the rotor 1 8 rotates 

is in sequence, and the stepping operation is transmitted 
to the output gear 54 while its speed being reduced at 
the middle gear 52 shown in FIG. 1 2 and outputted to 
the outside of the stepping motor 60. 
[0118] In this embodiment, as the stator magnetic po- 

20 iar portions 72A and 72B which form the magnetic paths 
together with the magnetic yokes 74 and 76 are formed 
separately from the magnetic yokes 74 and 76, the mag- 
netic yokes 74 and 76 have a J-shape, which does not 
restrict the size of the coils 34 and 36. 

25 [0119] As a result, different from the conventional 
magnetic yoke having the U- or W-shape, the restriction 
in arranging the coils 34 and 36 is reduced and the coils 
34 and 36 can be wound by desirable turns without mak- 
ing their wire size smaller. Therefore, the currents to be 

30 supplied to the coils 34 and 36 are not restricted by the 
size of the magnetic yokes 74 and 76. 
[0120] Accordingly, similarly to the first embodiment, 
the flexibility of resistance values of the coils 34 and 36 
applied to the stepping motor 60 according to this em- 

35 bodiment greatly increases, which also improves the 
flexibility in designing a shape of the stepping motor 60. 
[0121] As described above, also in this embodiment, 
it becomes possible to freely change the size of the coils 
34 and 36 without upsizing the magnetic yokes 74 and 

40 76, which enhances the assembly property and reliabil- 
ity of the stepping motor 60 while realizing the downsiz- 
ing of the stepping motor 60. 

[0122] In addition, similarly to the first embodiment, 
since the shape of the magnetic yokes 74 and 76 is sim- 

45 pie, the process yields are improved. Further, since the 
shape of the magnetic yokes 74 and 76 is simple and 
its assembly can be mechanized, the reduction in the 
manufacturing cost can be also realized. 
[0123] Aside from this, in this embodiment, the mag- 

50 netic yokes 74 and 76 are formed separately from the 
stator base 72, and it becomes unnecessary to make 
material of the magnetic yokes 74 and 76 as the same 
material of the stator base 72 and stator magnetic polar 
portions 72 A and 72B. Moreover, since the stator base 

55 72 and the pair of stator magnetic polar portions 72A 
and 72B are integrally formed, the same operation and 
effects as those in the first embodiment can be realized. 
[01 24] Meanwhile, in this embodiment, the protruding 
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portions protruding from the front end sides of the stator 
base 72 are respectively bent with respect to the surface 
of the stator base 72 so that the pair of stator magnetic 
polar portions 72A and 72B are formed. 
[0125] lnotherwords,bybendingandformingthepair 5 
of stator magnetic polar portions 72A and 72B with re- 
spect to the surface of the stator base 72, a structure in 
which the whole surfaces of the bent stator magnetic 
polar portions 72A and 72B face the rotor 1 8 can be re- 
alized even when the stator base 72 is downsized, which 10 
makes it possible to obtain a largetorque with lower cur- 
rent. 

[0126] In addition, in this embodiment, the case body 
62 for forming the outer frame of the stepping motor 60 
and the cover 64 for closing the open end of the case 1$ 
body 62 are included. The connection hooks 62A pro- 
vided on the cover 64 engage with the engaging pieces 
64A provided on the case body 62 so that the cover 64 
is mounted on the case body 62. Further, the stator fixing 
hooks 68 are provided in the case body 62 and the stator 20 
base 72 is fixed in the case body 62 by the stator fixing 
hooks 68. 

[0127] In other words, in assembling the stepping mo- 
tor 60, the cover 64 is mounted on the case body 62 only 
by engaging the engaging pieces 64A and the connect- 25 
ing hooks 62A. Moreover, only by pushing the stator 
base 72 into the case body 62, front end sides of the 
stator fixing hooks 68, which are once elastically de- 
formed, return to the original conditions and the stator 
base 72 engages with the stator fixing hooks 68 so that 30 
the stator base 72 is fixed to the case body 62. There- 
fore, the manufacturing steps for the stepping motor 60 
are simplified and the manufacturing cost for the step- 
ping motor 60 can be further reduced. 
[0128] In addition, In this embodiment, the gears com- 35 
posed of the prime gear 50, middle gear 52, output gear 
54, and the like for reducing the rotation speed of the 
rotor 1 8 are arranged in the case body 62, and the re- 
cesses 72D and 72 E for avoiding the supporting por- 
tions of the gears are provided in the stator base 72. 40 
Moreover, the base end sides of the magnetic yokes 74 
and 76 on which the pair of coils 34 and 36 are mounted 
are formed in the linear shape as well as the front end 
sides of the magnetic yokes 74 and 76 which face the 
rotor 1 8 are formed to be curved. 4s 
[0129] In other words, as thus shaped, the recesses 
72D and 72E for avoiding the supporting portions of the 
gears are provided in the stator base 72, and the gears 
for reducing the rotation speed of the rotor 1 8 and the 
stator base 72 can be arranged in the case body 62 with- so 
out interfering with each other. In addition, the magnetic 
yokes 74 and 76 are formed in the J-shape as described 
above, which makes it possible to give the flexibility to 
the arrangement of the magnetic yokes 74 and 76 irre- 
spective of the arrangement of the front end portions 55 
74A and 76A while allowing the coils 34 and 36 to be 
easily mounted on the magnetic yokes 74 and 76. 
[01 30] As a result, it becomes possible to realize fur- 



ther downsizing of the stepping motor 60. 
[0131] Incidentally, although the permanent magnet 
has 1 0 magnetic poles in the aforesaid embodiments, 
the number of the magnetic poles may be other plural 
number than 1 0. A desirable number of the magnetic 
poles is 6 or more for the smooth movement of the rotor, 
and a more preferable number of the magnetic poles is 
8 or more for the smooth movement of the rotor. On the 
other hand, an upper limit to the number of the magnetic 
poles of the permanent magnet is considered as approx- 
imately 20 from the viewpoint of manufacturing. 
[0132] Further, in the aforesaid first and second em- 
bodiments, two angles p between the magnetic yokes 
and the stator magnetic polar portions around the center 
of the rotor exist and the angles p1 and p2 are equal to 
each other, but the stator magnetic polar portions may 
be arranged in the manner that the angles are different 
from each other as in the third embodiment. 
[0133] furthermore, as material of the magnetic 
yokes, for example, perm alloy having permeability of 
1 0000 to 1 5000 can be considered to apply, and as ma- 
terial of the stator base, for example, metallic material 
such as a cold rolled steel plate having permeability of 
approximately 1 000 can be considered to apply. 
[0134] The stepping motor according to the present 
invention makes it possible to freely change the number 
of turns of excitation coils without upsizing the magnetic 
yokes as well as to enhance the assembly property and 
reliability. Further, the stepping motor according to the 
present invention enables the smooth operation. 



Claims 

1 . A stepping motor comprising: 

a rotor (1 8) having a plurality of magnetic poles 
along its circumferential direction; 
a pair of magnetic yokes (24, 26) arranged to 
face the magnetic poles of the rotor (1 8); and 
a pair of excitation coils (34, 36) mounted on 
the pair of magnetic yokes (24, 26) respectively, 
for exciting the pair of magnetic yokes (24, 26) 
respectively in response to drive pulses which 
have phase difference, 

characterized in that; 

one stator base (22) is arranged near the rotor 
(18), the pair of magnetic yokes (24, 26) are fixed 
on the stator base (22) , and a pair of stator magnetic 
polar portions (22A, 22B) integrally formed with the 
stator base (22) form magnetic paths together with 
the magnetic yokes (24, 26) respectively, and 

when an angle between the pair of magnetic 
yokes (24, 26) around a center of the rotor (18) is 
a, angles between the pair of magnetic yokes (24, 
26) and the stator magnetic polar portions (22A, 
22B) are (31 and p2 respectively, and an angle be- 
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tween the pair of stator magnetic polar portions 
(22A, 22 B) isy, and 

if a number of magnetic poles of the rotor (18) 
is N, K is an integer, a is an odd number, and b is 0 
or 1, 5 

each of the angle « and angles 01 and p2 is 
less than 1 80 ° and obtained from formulas of 

ot-(K + 0.5) x 360/ N 



p1, p2 = (a± b/4) x 360/N 

15 

C=y X N/360 

in a range except the angle a and angles |J1 
and p2 in a case in which C obtained from the above 
formula is an integer. 20 

2. The stepping motor according to claim 1 , charac- 
terized in that; 

the number N of the magnetic poles of the ro- 
tor {1 8) is in a range of 6 to 20. 25 

3. The stepping motor according to claim 1 , charac- 
terized in that; 

a center portion of the rotor (18) is formed of 
resin material and integrally having a gear (50) and 30 
an outer circumferential side of the rotor (18) is 
formed by a permanent magnet. 

4. The stepping motor according to claim 1 , charac- 
terized in that; 35 

the stator base (22) is formed of ferromagnet- 
ic material. 

5. The stepping motor according to claim 1 , charac- 
terized in that; 40 

each of the pair of magnetic yokes (24, 26) is 
formed in a linear shape, base end sides of the mag- 
netic yokes (24, 26) are fixed on the stator base 
(22), and front end sides of the magnetic yokes (24, 
26) are arranged to face the rotor (18). 45 

6. The stepping motor according to claim 1 , charac- 
terized in that; 

front end sides of the pair of magnetic yokes 
(24, 26) are formed in a J-shape, and the front end so 
sides are arranged to face the rotor (18). 

7. The stepping motor according to claim 1 , charac- 
terized in that; 

the pair of stator magnetic polar portions ss 
(22A, 22B) are formed in a manner in which portions 
protruding from the stator base (22) are respectively 
bent with respect to a surface of the stator base 



(22). 

8. The stepping motor according to claim 1 , charac- 
terized in that; 

permeability of material composing the pair of 
magnetic yokes (24, 26) is higher than permeability 
of material composing the stator base (22). 
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